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Rco    1 ..................................M...................EPPRFVIEASEAESMAQKAGLT.LVELLPTLVKSAQSLARPPISDYYVGAVGLGS.SGRIFFGANL 

Csa    1 ..................................M...................DGTRFVIEAPEAESLAKQSALT.IPLLLPTLVKSAQSLARPPISKYHVGAVGLGS.SGRVFFGVNL 

Ppe    1 ..................................M...................DRPRFVIEASEAESMAKRSNLT.VLQLLPSLVKPAQALARPPISKFHVGAIGYGS.SGRIFFGGNL 

Fve    1 ..................................M...................ARPRFVIEASEAESMAKQSGLT.VVQLLPSLVKSAQSLARVPISKFHVGAVGYGS.SGRIFFGVNL 

Ath    1 ..................................M...................DKPSFVIQSKEAESAAKQLGVS.VIQLLPSLVKPAQSYARTPISKFNVAVVGLGS.SGRIFLGVNV 

Cpa    1 ..................................M...................DRPKFVIEPTEAESMANQLGLT.VLELLPSLVKPAQSLARPPISKYHVGAVGLGS.SGRIFLGVNL 

Tca    1 ..................................M...................DGPRFVIDSAEAEQMAKQSGQT.VLQLLPSLVKSAQSLARPPISNYHVGAVGLGS.SGRIFFGVNL 

Csi    1 ..................................M...................ERPRFVIEAAEAESMAQKSGLT.VLQLLPTLVKSAQTLARPPISKFHVGAVGLGS.SGRIFLGGNV 

Ccl    1 .MEINISLIHVGTRPERVLKSSSKPQTGQPETQKM...................ERPRFVIEAAEAESMAQKSGLT.VLQLLPTLVKSAQTLARPPISKFHVGAVGLGS.SGRIFLGGNV 

Egr    1 ..................................M...................DPPRFVIEASEAASLAKDAGVS.LTDLLPTLVGAAKPLARTPISRYNVGAVGLGS.SGRVFFGVNV 

Vvi    1 ..................................M...................ERSRFVIEASEAESKAEKAGLT.VMQLLPSLVNSAQKLARPPISKYHVGAVGLGS.SGRIFLGVNL 

Stu    1 ..................................M...................DQLKFVVEASEAESITHKLGLPSVHHLLPVLVQPAQTLARPPISNYHVAAVGLGS.DGRVFLGVNL 

Sly    1 ..................................M...................DQLQFVVEASEADSITQKLGLPSVHHLLPLLVQPAQTLARPPISNYHVAAVGLGS.DGRVFLGVNL 

Mgu    1 .............................MNQIHL...................SANQFVIEASAAESIAESLNLPSVLHLLPHLVHSAQALARPPISNFNVGAVGLGS.DGRVFVGVNL 

Aco    1 ..................................M...................DCSRFVIEATEVESMAKKAGLS.VLQLLPTLVNTAKSLARPPISKFHVGAVGLGS.DGRIFFGANL 

Sbi    1 .............MGEEQAAPKPA....EAAAAAL...................ELTGFVMSAEDAERRAAAAGVATVQDLLPLLIPSARKRAQVPISDFQVGAVGLGA.SGRVYVGVNL 

Zma    1 .............MGEEQVVAPKPEAAAAAAATSV...................ELTGFVMGAEDAERAAAAAGVATVQDLLPLLVPSARKRAQVPISGFPVGAVGLGA.SGRVYVGVNL 

Sit    1 .............MGEEQVSPRP.....EAAAAAV...................ELTGFVMSAEEAKRAAAAAGVATVQDLLPLLVPSAMKRAIAPISRFPVGAVGLGA.SGRVYVGVNL 

Osa    1 .............MGEEKVAPKSD.....A.APAV...................ELLGFVMSAEEAERAAAAAGVETVEDLLPLLVPSAMRRARAPISRFPVGAVGLGA.SGRVYAGVNL 

Bdi    1 .............MGEEKMTPK.........PEAV...................EMPGFVMSAEEAERAAAAAGVDTVEDLLPLLIPSAMRRARPPISRFPVGAVGLGE.SGRVYAGVNL 

Csu    1 ...........................................................MLEPDQAAELQAKHSVT.LHELMQLLVAPAALLARPPTSAFPVGAIGLGV.SGRIYVGVNL 

1      1 ........MQDRFVRRINELPK.ALADELLPMLG....................EQFCGHLDAQQVKQLCAVSAMD.SHELGLALLPIAAALAKPPVSNFYVGAIAVGS.GGDFYMGANL 

2      1 ........MQARFHAIWSEITP.KLQQALLPYIGS...................DDFTAMLTAEQVESIKQNSGFD.DHTLALALLPLAAACSIAPISHFYVGAIAQGE.SGNFYFGANM 

3      1 ........MQARFHAIWSEITP.KLQEALLPYIGN...................DDFPAMLTAEQVESIRQICGFD.DHALALALLPLAAACAITPISHFYVGAIARGE.SGNLYFGANM 

4      1 ........MQARFHSVWMQLPS.KLQDALLPHVGN...................DDFPAMLTAEQAKSVKKACGFD.DNTLAISLLPLAAACSLTPISHFNVGAIAHGE.SGNLYFGANM 

5      1 ........MQARFHTSWAELPA.SLQFALEPILSA...................ENFPAMLTAEQVKTVKNISGLD.DDALAFALLPLATACALTPISHFNVGAIARGK.SGNFYFGANM 

6      1 ........MQARFHDAWAKLPA.SLQSALEPIMSA...................NDFPAMLTADQVKAVKTISGLD.DDALAFALLPLAAACALTPVSNFKVGAIARGV.SGNLYFGANM 

7      1 ........MHPRFQTAFGELPA.TLQSALQSYIDA...................PDFPAMLKAEQVDAITQRCGLD.DDALAFALLPLAAACSLAPISQFYVGAIARGQ.SGNLYFGANM 

8      1 ........MHARFAAAFSQLPA.ELQAALTPVMAS...................DTFNAVITAAQVDAIGHACHLD.RQALSFALLPLAAACALTPISHFQVGAIVHGA.SGNLYFGANM 

9      1 ........MHARFAAAFSQLPA.ELQAALTPVMAS...................DTFNAVITAAQVDAIGHACHLD.RQALSFALLPLAAAYALTPISHFQVGAIVHGA.SGNLYFGANM 

10     1 ........MRNRIEQALQQMPA.SFAPYLRELVLA...................KDFDATFSAEQYQQLLTLSGLE.DADLRVALLPIAAAYSYAPISEFYVGAIVRGI.SGRLYLGANM 

11     1 ........MKSRIEQALAGAPE.ALSKQLAPIIQA...................DDFDATLSVQQFEQLLSATGLS.DKELRVALLPFAAAYSYAPLSEFYVGAIVRGL.SGRLYFGANM 

12     1 ........MKSRIEQALASAPE.ALSKQLAPIVLA...................DDFDATLSAQQFEQLLSATSLS.DKELRVALLPFAAAYSYAPISEFYVGAIVRGL.SGRLYFGANM 

13     1 ........MKSRIEQALASAPE.ALSTHLAPIVLA...................DDFDATISEQQFGELLNATNLS.DKELRVALLPFAAAFSYAPISEFYVGAIVRGL.SGRLYFGANM 

14     1 ........MNSRITLALESAPT.AIKALLSDIVLA...................DNFDATLSPEQFASLLQASGLA.DDELRIALLPFAAAYSYAPLSDFYVGAIVRGL.SGTLYFGANL 

15     1 MTTLHKNALQQRLQEAMDTLPS.SLNTAIAPLVN....................EQFTGVITQDQFQALLAQSQLT.DKELRLALLPLAAAFSVAPISNFYVGAIARGT.SGHLYFGANM 

16     1 .....MTRLQQRLEEALANLPD.ALRTSLTPIIN....................AEFKGVISKEQFQSLQADSELS.DKELRLALLPLAAAFSVAPISNFYVGAIARGL.TGNLYFGANM 

17     1 ........MHPRFAKPLDTLSA.PLKAALLPMLD....................NDFQARFTPQQVATLKAATGLE.DRALRLALLPLAAACSVAPISKFFVGAIACGL.SGTWYFGANM 

18     1 ........MHPRFAKPLDTLSA.PLKAALLPMLG....................DDFQARFTPDQVATLKAATGLD.DRALRLALLPLAAACSVAPISKFFVGAIACGL.SGNWYFGANM 

19     1 ........MQNRFLESITQLDK.PLANALVPLLH....................DQFCGHIDASQFAGLVKASGKT.EQQVLMDLLPIAAALANPPISEFYVGAIAKGS.SGDLYMGANL 

20     1 ........MQDRFLKSIAKLPE.PLATAIVPLLD....................KDFAGHIDAQQLEVLQIASKME.LNELLLALLPIAAALARPPISEFHVGAIAKGK.SGDIYMGANI 

21     1 ........MQDRFLKSIAKLPE.PLATAIVPLLD....................KDFAGHIDAQQLAELQAASKME.LNELLLALLPIAAALARPPISQFHVGAIAKGK.SGDIYMGANI 

22     1 ........MQDRFLKSIANLPE.ALAKAIVPMLD....................KDFAGHLDAQQIEELKTASQLT.EQDLLLALLPIAAALARVPISEFYVGAIAKGK.SGDIYMGANL 

23     1 ........MQDRFIKCIAELPK.PLSDALVPMLN....................AEFAGHIDAQQLSTLITKSGLA.ESELLIALLPVAAALARPPISEFYVGAIAKGK.SGDIYMGANM 

24     1 ........MQDRFIKCIAQLPK.PLSDALIPLLN....................ADFAGHIDAQQLGMLTTKSQLE.ESELLLALLPIAAALAKPPISEFYVGAIAKGK.SGDIYMGANL 

25     1 ........MQDRFINCISQLSK.PLSDALIPLLH....................ADFAGHIDAQQLAALVKASGLT.EEKLLLALLPVAAALARPPISDFHVGAIAKAK.SGDIYMGGNL 

26     1 ........MQDRFIRSITQLPL.PLADALIPLLH....................QNFAGHIDAMQLAKLTLASKMT.EAEVLLALLPIAAALAKPPISEFYVGAIAKGK.SGDIYMGANL 

27     1 ........MQDRFIRSITQLPT.PLADALIPMLH....................QNFAGHLDAQQLATLTSASKMT.EAEVLLALLPIAAALAKPPISEFYVGAIAKGK.SGDIYMGANL 

28     1 ........MQDRFVHCIAQLPQ.PLADQLVPLLN....................QDFVGHMDAQQVADLAAATQMS.QDELLLALLPIAAALAKPPISEFYVGAIAKGA.SGDIYMGANL 

29     1 ........MATPFDTALTQIPA.ELAAALTAHLP....................QPFTGKLSPQDVAALEQASGMK.GHDLLLAMLPLAASFSQAPVSHFEVGAIARGI.SGTLYFGANL 

30     1 ........MHPRFENAFRQLPA.SLQAALRPLIDK...................PDFAAMLTADDVNAVCEASQLD.ADALAFALLPLAAACAQAPISNFQVGAIAQGL.SGNFYFGANM 

31     1 ........MHPRFENAFQQLPA.NLQTALGPVLDK...................PDFAAMLTADDVNAICEASQLD.TDALAFALLPLAAACAQASISHFQVGAIAQGL.SGNFYFGANM 

32     1 ........MQARFHDAFTQLPA.ALQAALAPILAR...................DDFAAMLSADDVSEICAQSQLD.ADGLAFALLPLAAACALTPVSHFHVGAIAQGV.SGAFYWGANM 

33     1 ........MQARFHDAFTQLPA.TLQTALAPILAR...................DDFAAMLTADDVRQICAHCHLD.ADGLAFALLPLAAACALTPVSDFHVGAIAQGV.SGAFYWGANM 

34     1 ........MQARFHDAFTQLSA.ALQTALTPILAR...................DDFAAMLTADEVDRLCAQSQLD.ADGLAFALLPLAAACALTPVSGFHVGAIAQGV.SGAFYWGANM 

35     1 ........MQARFQSAFTHLSA.PLQSALAPMLAR...................DDFSAMLTAAEVNHLCGQCRIT.VDALAFALLPLAAACALTPISAFKVGAVALGD.SGALYWGANM 

36     1 ........MHPRFQSAFAQLAE.NLQSALAPVLAD...................EHFPALLTAEQVTMLKQATGLD.EDALAFALLPLAAACARADLSHFNVGAIARGV.SGTWYFGGNM 

37     1 ........MHPRFQAAFARLAE.KLQSALAPILAD...................EHFPALLTAEQITTLKQATDLD.EDALAFALLPLAAACARADLSHFNVGAIARGV.SGTWYFGGNM 

38     1 ........MHPRFQAAFTQLSA.ELQSALAPALAD...................RHFPAMLSVGQVSQLQTATGLD.EDALAFALLPLAAACARADLSHFNVGAIARGV.SGAWYFGGNM 

39     1 ........MHPRFQTAFAQLAD.NLQSALEPILAD...................KYFPALLTGEQVSSLKSATGLD.EDALAFALLPLAAACARTPLSNFNVGAIARGV.SGTWYFGANM 

40     1 ........MHPRFQTAFAQLAD.NLQSALEPILAD...................KYFPALLTGEQVSSLKSATGLD.EDALAFALLPLAAACARTPLSNFNVGAIARGV.SGTWYFGANM 

41     1 ........MHPRFQTAFGQLAD.NLQSALSPILAD...................THFPALLTGEQVSALKTATGLD.EDALAFALLPLAAACACTPLSHFNVGAIARGV.SGTWYFGGNM 

42     1 ........MHPRFQTAFGQLAD.NLQSALAPILAD...................EHFPAMLTAEQVSTLKRESGLD.EDALAFALLPLAAACARTDLSHFNVGAIARGI.SGTWYFGGNM 

43     1 ........MHSRFQAALTTLAA.DLQAAIAPMLAD...................PHFPALLEADQVATLQHATGLD.EDALAFALLPLAAACARPDLSHFNVGAIARGV.SGRWYFGGNM 

44     1 ........MHPRFETAFAQLPA.ALQAALAPLIAD...................TYFPAMLSAEQVADVRRQSGLD.DDALAFALLPLAAACAQTEISHFNVGAVARGL.SGNLYFGGNM 

45     1 ........MHPRFKTAFAQLPA.ALQAALAPLIAD...................IHFPAMLNAEQVADIRRQSGLD.DDALAFALLPLAAACAQTEISHFNVGAVARGL.SGSLYFGANM 

46     1 ........MHPRFQAAFATQPT.ALQTALLPILSA...................ADFQAFLTPAQVADVKSASGLD.DRELAFALLPLAAACAVAPLSHFNVGALARGK.SGHLYFGANM 

47     1 ........MHPRFQPAFAMLPH.RLQHTLEPILSA...................TDFAGFIRAEQAVALKKQCGFN.DSELAFALLPLAAACAVAPLSDFNVGAIARGK.SGTLYFGANM 

48     1 ........MHPRFQPAFATLPL.PLQHALKPLLSA...................ADFAGFISAEQAVALKKQCEFN.DSELAFALLPLAAACAVAPLSGFSVGAIARGE.SGTLWFGANM 

49     1 ........MHPRFQTAFATLSP.LLQQAIRPILSS...................ADFAGFISAQQADGVKQQCGLD.DSELAFTLLPLAAACAVAPLSDFNVGAVARGK.SGTLYFGANM 

50     1 ........MHSRFLSAFEALPS.TLQTALAPLLDD...................PDFHAVLSADQVAALQQQTQMD.ADTLALTLLPLAASCAVATVSHFNVGAIARGV.SGNWYFGANM 

51     1 ...MNEASMHPRFHSAFEVLPA.TLQTALRPVLSE...................PGFDAMLQADQVTLLQEQTQLD.ADALALALLPVAAACAVATLSHFNVGAIARGV.SGNWYFGANM 

52     1 ........MHTRFQAIWSDLSP.QLQQALTPYLEQ...................DEFPAMFTAEQVNALKTQLQCN.DDELALALLPVAAACAVTPISHFNVGAIARGE.SGHFYFGANM 

53     1 ....MSSHISDKIQDALGKIEHSVLAQDIWHILQE...................QKYLGFLPHFAVQHLCNKHQLT.PKQLALKLLPIAACYATTPISHFNVGAVVHGI.GGDFYFGANQ 

54     1 ....MSIHISDKIQHALHHISPHELSQDVWHILQE...................QKFAGFLPHFAVQHLCNKYQLT.VQQLALALLPIAACYATTPISNFNVGAITTGV.SGNFYFGANQ 

55     1 MTHHSLKHISDRIKQALNQIENRNLAQDLWYILGE...................QNFQG LPAFTVNHFCEKYHMT.DKELALILLPVSACYANPTISHFSVGAIAKGE.SGNFYFGANQ 

56     1 ..MPTMIDIQERLIELVAEKQS.PVVQAVVEQLIR...................QNNKAYFSAEQVTTFCQTFNLS.PVELALECLPIAACYARVPVSHFFVGAVAIGK.SGNFYFGANQ 

57     1 ....MNDCIGKRLDKLINESQD.EVLKRVVGQILE...................QNGKARISQDWVRRCGDDFNLT.AVELALRCLPVAACYASAPVSHFNVGAVAVGQ.SGAFYFGANQ 

58     1 ..MPTLFALKERIAQVVQEKND.PIVTAVATTLAE...................QQYNACFSAEQVKLWKRQFKCS.SVELALACLPIAACYALVPISNFYVGAVAIGE.SGRFYFGANQ 

59     1 .................MTLSQATLSPALSKLDKAT...Q..............TQVLEQLTSPNFSGYLKNLKGS.RLTLAKELLDLAQTFSVPPLSGFRVGAVAIGS.SGHLYLGANL 

60     1 MHGWHSPQIEAGKTMFATRIPANPDVPARLLQLSDHQDAIRADALSPLADHAYLRHEGRRITADHADSVIARHGLSGVEELMLLLLPDAEKVATPPISGFHVGTVGRAAGSGALTLGGNI 

61     1 ....MSITLKSHLKVLKQQYENYKADYEILEQHFSGKEFN..............GCFPKILLDQLKNQHKGQDEIELLVETLKPLVCIGSCYALCKPSQFPVGGCCYCKESGNAYIGFNM 

62     1 ....MSITLKLHLKDLKQQHENYKADYELLEEYFSTKEFT..............GCFPKTLVDQLKSHHKGQDEIDLLVETLKPLVCIGSCYALCKPSQFPVGGCCYCKESGNAYIGFNM 
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Rco   66 EFPGLPLHQSVHAEQFLITNLFLNAESNLKYVAVSAAPCGHCRQFFQEIRDAPDIQILITGDSNNTNN..NDQSNGDIKRFDTLSNLLPQRFGPYDLLDK..SVPLVLEKHNNHMSLQND 

Csa   66 EFPGLPLHQSVHAEQFLVTNLALNAESHLNYLAVSAAPCGHCRQFLQEVRSSADIKILVSDSGSDSG......SDSKPDVYVPLPQFLPHRFGPYDLLAK..DVPLLLEPRFNGLSLPNE 

Ppe   66 EFPGLPLHYSVHAEQFLVTNLSIHNESKLEYVAVSAAPCGHCRQFLQEIRGAPDIKILITSAESGDDN.......SGLNRFDPLLHLLPHRFGPEDLLGG..DVPLLLEHHHNGLSFLGE 

Fve   66 EFPGLPLHYSVHAEQFLVTNLSIQSEPRLDYVAVSAAPCGHCRQFFQEIRRAQDINILITSDESGDDE..ND...KSCGQFSPLRHLLPRRFGPEDLLGE..DVPLVLEKHNNALSFINK 

Ath   66 EFPNLPLHHSIHAEQFLVTNLTLNGERHLNFFAVSAAPCGHCRQFLQEIRDAPEIKILITDPNNS....ADSDSAADSDGFLRLGSFLPHRFGPDDLLGK..DHPLLLESHDNHLKIS.. 

Cpa   66 EFPGLPLHHSVHAEQFLVTNLYLNAESNLRYVAVSSAPCGHCRQFFQEIRGASDINVLVTSDEP..........NEDRSKFRPLSYFLPHRFGPDDLLDK..DEPLLLEPHRNGLSLLGA 

Tca   66 EFPGLPLNHSVHAEQFLITNLSLNAEPLLKYLAVSAAPCGHCRQFLQELRGAPDVKLLITSSDDEKENKTNNNYNDKDQEFTPLSHFLPHRFGPDDLLEK..DVPLLLEPHRNGLSFY.. 

Csi   66 EFPGLPLHQSIHAEQFLITNLILNAEPRLQHLAVSAAPCGHCRQFLQELRNTSDINICITSINSNE............RKYHPLSHLLPDRFGPNDLLDK..DVPLLLETHQNGMSFNLC 

Ccl   99 EFPGLPLHQSIHAEQFLITNLILNAEPRLQHLAVSAAPCGHCRQFLQELRNTSDINICITSINSNE............RKYHPLSHLLPDRFGPNDLLDK..DVPLLLETHQNGMSFNLC 

Egr   66 EFPGLPLHHSIHAEQFLATNLALHREPRLLAFAVSSAPCGHCRQFLQEIRDAPDIQIRIFPVDDPDQEADPAF......G..PLSRLLPRRFGPGDLLDK..EMPLLLEPHHNGLTFLTR 

Vvi   66 EFPGLPLNHSVHAEQFLITNLSLKAETHLRCLAVSAAPCGHCRQFFQEIRDAPDIKVLITSSS.......D.......QEFRPLSEFLPNRFGPDDLLDK..DTPLLLEPQNNGLSLVNA 

Stu   67 EFPGLPLHHSVHAEQFLITNLAVHRCPRLVAFAVSAAPCGHCRQFLQELRNPSDLQIHITSQHQNNPNVTFE..........PLREILPNPFGPFDLLDD..ETPLLLERHNNGLILSYE 

Sly   67 EFPGLPLHHSVHAEQFLITNLAVHLCPRLVAFAVSAAPCGHCRQFLQELRNSSDLQIHITSQHQNNPDVIFE..........PLREILPNPFGPFDLLDD..ETPLLLERHNNNLILSYE 

Mgu   72 EFPGLPLHHSVHAEQFLLTNLAVHRCRRLLSFAVSSAPCGHCRQFLQELRHSSSVQILVIDEENCAQNIDHVE......NRKPLSKFLPNPFGPHDLLDH..ECPLLLDQHDNRLDLLPP 

Aco   66 EFPGLPLHQSVHAEQFLITNAFINGESHIKYIAVSSAPCGHCRQFLQEIRGATDIKILITSPEIDGSDQ.......ENGIFKPISHFLPHRFGPDDLLEK..NVPLLLELHDNGLVLSDC 

Sbi   84 EFRGVPLCHSVHAEQFLVANAAAAGESALRAVAVSHMPCGHCRQFLQEIRGAAGIQILVTSDAEQGR..........APEWRTVASLLLRPFGPHDLLDE..NVPLVLEAHDNALGDPVV 

Zma   88 EFRGLPLCHSVHAEQFLVANAAAAGEPELRAVAVSHMPCGHCRQFLQEIRGAASIRILVTSDAAEGC..........APEWRTVASLLLRPFGPHDLLPG..DVPLVLEAHDNALGDPVA 

Sit   83 EFRGLPLCHSVHAEQFLVANAAAAGESALSAVAVSHMPCGHCRQFLQEIRGASGIQILVTSDAEEGC..........APEWRTVASLLLRPFGPHDLLPE..DVPLVLEKHGNPLGDPVP 

Osa   82 EFRGLPLSHSVHAEQFLVVNAAAAGESELRAVAVSHMPCGHCRQFLQEIRGAGGIRIIVTSDAEDGC..........APEWRTVASLLPRPFGPHDLLPK..HVPLVLEPHDNPLGEP.. 

Bdi   79 EFRGLPLSQSVHAEQFLIANAAAAGETALRSIAVSHMPCGHCRQFLQEIRGAAGILILVTSDAVDGC..........EPEWRTVASLLLRPFGPHDLLPK..DAPLVLEPHDNPIGDPVE 

Csu   60 EFPNLPLQHSVHAEQFLVANAAACGERGLTRITVNAAPCGHCRQFLAETVTAESMDIVYKGNCYR..................LDDILVDKFCPSDLIEPG.TAPLLLEQQHN....... 

1     90 ELQGEALFHSVHAEQSAISHAWLSGETQISDIIVNASPCGHCRQFMNELVQGQAIRIHLPGQDTAP.................LSHYLPYAFGPADLNVT....APLLSKQQT.ELVLES 

2     91 EFPNVPLQQTVHAEQSAITHAWLYGEKKLISITVNYSPCGHCRQFMNELNSGTQLEVYLPDRPKLT.................LADYLPEAFGPGDLVDT....PLLLDTINHDYQLA.. 

3     91 EFAGVPLQQTVHAEQSAITHAWLRGEKKLVSITVNYSPCGHCRQFMNELNSGTQLEVCLPNRPRLT.................LADYLPEAFGPHDLLDA....PLLLDTVNHGYQLD.. 

4     91 EFADVPLQQTIHAEQCAITHAWLRGEKKLTSITVNYSPCGHCRQFMNELNSGTQLEIHMPQQTPLT.................LGYYLPDSFGPNTLGMT....TLLMDPVHHGYQLD.. 

5     91 EFRGVPLQQTIHAEQCAVTHAWLRGETNLVAITVNYTPCGHCRQFMNELNSGSELHIHLPGRPPST.................LGQYLPDSFGPTDLAIT....TLLMDPVNHGYTLA.. 

6     91 EFSGAPLQQTIHAEQCAVTHAWLRNEASLVSITVNYTPCGHCRQFMNELNSGTGLHIHLPNRPAST.................LGQYLPDSFGPKDLNIT....TLLMDPVDHGYKIT.. 

7     91 EFSGAPMQQTIHAEQCAVTHAWLRGEPALASITVNYTPCGHCRQFMNELNSGVSLKIRLPGREPAT.................LGDYLPDSFGPKDLDIT....TLLMDQVDHGFQLA.. 

8     91 EFSGAPLQQTIHAEQCAITHAWLRGETALASITVNCTPCGHCRQFMNELNSGTALPIHLPGRRAAT.................LGDYLPDAFGPRDLQIK....TLLLDATHHGLALDNA 

9     91 EFSGTPLQQTIHAEQCAITHAWLRGETALASITVNCTPCGHCRQFMNELNSGTSLPIHLPGRHTAT.................LGDYLPDAFGPRDLQIK....TLLLDPTHHGLMLDNA 

10    91 EFTGAQLGQTVHAEQCAISHAWMKGEKGVADITINFSPCGHCRQFMNELTTASSLKIQLPKRAAKT.................LQEYLPESFGPADLGID....SGLMSPVNH.GKTSDD 

11    91 EFFGVQLGQTVHAEQSAISHAWMKGERGIKDITINFSPCGHCRQFMNELSTANELKIQLPEREEKS.................LHEYLPEAFGPNDLGIE....SGLMAEVKH.QFSCDD 

12    91 EFFGVQLGQTVHAEQSAISHAWMKGEHGVKDITINFSPCGHCRQFMNELSTAKELKVQLPERDEKS.................LHEYLPEAFGPADLGIE....SGLMAEVKH.QFVCDD 

13    91 EFFGVQLGQTVHAEQCAISHAWMKGEHGVKDITINYSPCGHCRQFMNELSTAKELKIQLPERQEKS.................LHHYLPEAFGPADLGIE....SGLMAEVKH.EFVCDE 

14    91 EIAGAQLGQTVHAEQSAISHAWMKGEQGISDITINFSPCGHCRQFMNELTTAKELKVQLPQRDEMS.................LQEYLPDSFGPADLGVT....TGLMTKLDH.KHTTEE 

15    98 EFSNVQLGQTIHAEQSAISHAWIHGETGISDITINFSPCGHCRQFMNELTTADSLMVQLPERDEKS.................LQAYLPESFGPKDLGVE....GGLLATTSH.KLNFES 

16    93 EYNDVQLGQTIHAEQSAISHAWIQGETGISDITINFSPCGHCRQFMNELTTADSLMVQLPERNEKS.................LQEYLPESFGPKDLGIE....GGLLAPLSH.NLALET 

17    90 EFAGQGLFHSVHAEQSAISNAWLGGETGISEITVNYTPCGHCRQFMNELSTAKTLQVSLP.DDLSA.................LQSFLPHSFGPADLDIT....DALMSPQAHDELVLES 

18    90 EFAGQGLFHSVHAEQSAISNAWLGGETGISEITVNYTPCGHCRQFMNELSTAKILKVSLP.DDLSA.................LQSFLPHSFGPADLDIT....DALMSPQAHDELTLVS 

19    90 ELPGEALFHSVHAEQSAISHAWLSGETEIVDIIVNFSPCGHCRQFMNELVNGSKINIHLPNQETQT.................LAHYLPYAFGPSDLDVT....VPLLCKREQ.EFNCDS 

20    90 ELPGEALFHSVHAEQSAISHAWLSGESIIEDIIVNASPCGHCRQFINELVDGSKVKIHLPAQKIEP.................LAHYLPYAFGPSDLNIT....EPLLTKQQH.TLTLDS 

21    90 ELPGEALFHSVHAEQSAISHAWLSGESIIEDIIVNASPCGHCRQFINELVDGGKVNIHLPDQATAP.................LSHYLPYAFGPSDLDVT....EPLLSKQQQ.TLTLDS 

22    90 ELAGEALFHSVHAEQSAISHAWLSGERQIEDVIVNFSPCGHCRQFMNELVEGQKVNIHLPEQKTQP.................LSHYLPYAFGPGDLNIT....EPLLTKQQH.ELSLDS 

23    90 ELSGEALFHSVHAEQSAISHAWLSGERQIEDVIVNFSPCGHCRQFMNELVEGQKVKIHLPEQQTQP.................LSHYLPYAFGPSDLNIT....EPLLTKQQH.ELSLDS 

24    90 ELSGEALFHSVHAEQSAISHAWLSGETQILDVVVNFSPCGHCRQFMNEMVEGQKVVIHLPEQKAQP.................LAHYLPYAFGPSNLNIT....EPLLSKQQH.ELSLDS 

25    90 ELPGEALFHSVHAEQSAISHAWLSGETQIVDIVVNFSPCGHCRQFMNELVEGAKVKIHLPEQKAQP.................LSHYLPYAFGPSDLNVT....SPLLSKQTH.VLSLDS 

26    90 ELPGEALFHSVHAEQSAISHAWLSGESQIVDIIVNASPCGHCRQFMNELVDGANITIHLPAQESHS.................LAYYLPYAFGPKDLNVV....SPLLAKQQT.EFVLDS 

27    90 ELPGEALFHSVHAEQSAISHAWLSGESQIVDIIVNASPCGHCRQFMNELVEGSKISIHLPAQESHP.................LAYYLPYAFGPKDLNVT....SPLMAKQQT.EFALDS 

28    90 ELDGEALFHSVHAEQSAISHAWLSGETGIEDIIVNASPCGHCRQFMNELVEGQAIRIHLPEQATQP.................LSHYLPYAFGPADLNIK....TPLLSKQQH.EFTLES 

29    90 ELAGEALFHSVHAEQSAISHAWLAGEAGLTEIVVNASPCGHCRQFMNELNGADELIIVLPGQDNGA.................LHHYLPYAFGPSDLGVE....VGLMAASGQ.ALQLES 

30    91 EFSAVQLQQTVHAEQSAVSHAWMRNERGLRAVTVNYTPCGHCRQFMNELRDAASLRIQLPGRQPAT.................LSHYLPDSFGPVDLQID....TLLMDDINHGATLQN. 

31    91 EFTAVQLQQTVHAEQSAISHAWLRNERGLRAVTVNYTPCGHCRQFMNELRNAASLRIQLPGRQPAV.................LSHYLPDAFGPIDLNID....TLLMDDINHGATLQN. 

32    91 EFDGMPLQQTVHAEQSAISHAWLRDEPALRAVTVNYTPCGHCRQFMNELNSAPELRICLPGRSPAL.................LGHYLPDAFGPRDLAIN....TLLMDDIDNGLALTT. 

33    91 EFDGLPLQQTIHAEQSAISHAWLRDEPALRAVTVNYTPCGHCRQFMNELNSAPELRICLPGRAAAP.................LGHYLPDAFGPRDLAIN....TLLMDTIDNGLTLAT. 

34    91 EFDGLPLQQTVHAEQSAISHAWLRHESALRAVTVNYTPCGHCRQFMNELNSAPELRICLPGRAPAP.................LGHYLPDAFGPRDLAID....TLLMDNIDNGLTLTT. 

35    91 EFSGAPLQQTVHAEQSAVAHAWLRNETALRSVTVNYTPCGHCRQFMNELNSASTLNICLPGRSPAR.................LGHYLPDAFGPRDLNIS....TLLMDNVDRGMTLPE. 

36    91 EFLGATMQQTVHAEQSAISHAWLRGEHALNAITVNYTPCGHCRQFMNELNSGLELRINLPGREPHT.................LGDYLPDAFGPKDLDIK....TLLMDEQNHGYALTG. 

37    91 EFLGATMQQTVHAEQSAISHAWLRGEKALSAITVNYTPCGHCRQFMNELNSGLQLRINLPGRAPHT.................LGDYLPDAFGPKDLEIK....TLLMDEQDHGYTLTG. 

38    91 EFIGATMQQTVHAEQSAISHAWLRGETSLKAITVNYTPCGHCRQFMNELNSGLALRINLPGRAPHT.................LQDYLPDAFGPKDLEIK....TLLMDPQDHGYALKG. 

39    91 EFIGATMQQTVHAEQSAISHAWLSGEKALAAITVNYTPCGHCRQFMNELNSGLDLRIHLPGREAHA.................LRDYLPDAFGPKDLEIK....TLLMDEQDHGYALTG. 

40    91 EFIGATMQQTVHAEQSAISHAWLSGEKALAAITVNYTPCGHCRQFMNELNSGLDLRIHLPGREAHA.................LRDYLADAFGPKDLEIK....TLLMDEQDHGYALTG. 

41    91 EFLGATMQQTVHAEQSAISHAWLRGEKGLAAITVNYTPCGHCRQFMNELNSGLDLRIHLPGREPLT.................LRDYLPDAFGPRDLQIK....SLLMDEQDHGFAAQG. 

42    91 EFLGATMQQTVHAEQSAIGHAWLRGEKGLAAITVNYTPCGHCRQFMNELNSGLDLRIHLPGRVPHT.................LRDYLPDAFGPKDLEIK....TLLMDEQDHGFALEG. 

43    91 EFLGATMQQTVHAEQSAISHAWLRGETSLRAITVNYTPCGHCRQFMNELNSGLALRIHLPGREAHA.................LEHYLPDAFGPKDLEIK....TLLMDEQDHGFPVSG. 

44    91 EFRGAAMQQTIHAEQSAITHAWMRGETGLAAITVNYTPCGHCRQFMNELNSGLTLRINLPGRAPSQ.................LGDYLPDAFGPRDLDIK....TLIFDTENHGYALKG. 

45    91 EFRGAAMQQTIHAEQSAITHAWMRGETGLAAITVNYTPCGHCRQFMNELNSGLTLRINLPGRAPSQ.................LGDYLPDAFGPRDLDIK....TLIFDTENHGYAIEG. 

46    91 EFVGATMQQTVHAEQSAVTHAWMRGEASLEAITVNYTPCGHCRQFMNELNSGTALNIHLPGRAPAT.................LGDYLPDAFGPRDLEIK....TLLLDDVDHQLSIKG. 

47    91 EFVGATMQQTVHAEQSAVTHAWLRGESALISITVNYTPCGHCRQFMNELNSGTDLTIELPGRAAAT.................LGHYLPDSFGPRDLAIS....TLLMDDVDHGVAPWG. 

48    91 EFVGATMQQTVHAEQSAVTHAWLRGENALAGITVNYTPCGHCRQFMNELNSGSGLMIELPGRAAAT.................LGHYLPDSFGPRDLAIT....TLLMDDVDHGIAPRG. 

49    91 EFVGATMQQTVHAEQSAVTHAWLRGESGLAGITVNYTPCGHCRQFMNELNSGTDLTIELPGRAAAT.................LGHYLPDSFGPRDLAIT....TLLMDEVDHGIAPRG. 

50    91 EFVGTPMQQTVHAEQSAITHAWLRGERQLETITVNYTPCGHCRQFMNELNNGTSIRISLPQRAIST.................LADYLPDAFGPRDLDIT....TFLMDEVDHGYVAEG. 

51    96 EFVGATMQQTVHAEQSAVTHAWLRGESRLETITVNYTPCGHCRQFMNELNSGTDIRISLPQRAVHT.................LAHYLPDAFGPGDLNIT....ERLMDDVDQGYVATG. 

52    91 EFAGAPLQQTVHAEQSAVTHAWLRGESRLVAITVNYTPCGHCRQFMNELNSGTHIAIHLPGRKVAT.................LGDYLPDSFGPKDLNIT....TLLMDKVNHGYQIDN. 

53    96 EFCQTDIQQTIHAEQSAISHAWMRGEKQLTDVTVNYTPCGHCRQFMNELNSAETLQIHLPHSQNNL.................LHQYLPDAFGPKDLNIQ....LSLLDQHDNQLSLNN. 

54    96 EFSKTDIQQTIHAEQSTISHAWMRGEKQITDITVNYTPCGHCRQFMNELNGADNLKIHLPHSQHNL.................LHQYLPDAFGPKNLNIH....LHLLDQHDNELTLNT. 

55   100 EFCTTNIQQTVHAEQSAISHAWMRRESKITEITVNYTPCGHCRQFMNELNSAETLRIHLPHSQDNL.................LHHYLPDAFGPHNLQID....NRLFDKKAHNLFLIT. 

56    97 EFESDAMQQTVHAEQSAVSHAWIAGETALTDMVVNYTPCGHCRQFMNELNSAKQLKIHLPHSQNNL.................LHSYLPDAFGPKDLQID....KVLFDPQQNSFEAS.. 

57    95 EFSGDAVQQTVHAEQSAVSHAWLAGEVALTDMVVNYTPCGHCRQFMNELNSADRLQIHLPHSRNNR.................LHSYLPDAFGPKDLNIS....RVLFDPQPHSFGFTH. 

58    97 EFNAQAIQQTVHAEQSAISHAWLAGETAITDMVVNYTPCGHCRQFMNELNSAKTLKIHLPHSQNNL.................LRQYLPDSFGPKDLNIE....KVLFDQQTHSLPLR.. 

59    85 EFAGVPLSCSLHAEQSAVLNAWMHGEPAIEALVISEFPCGHCRQFLWELSGASKLCVHIGNQS..................HQLIDLLPHPFGTERKLGHG....LLDSPSVQHMGIQK. 

60   121 EFPGAHLGQAIHGEGFVTTRAFLRGESLSHIALTAAHPCGHCRQFLTEFESAPDLRLIDPRGG.................TYVMDDLLPFPFNPAALETAG....AIPGHVAHDLALADG 

61   103 ESAGHWIGYSVHGEQCTTNNALIHGEKKIDLLVISYTPCGHCRQYLNQFSNRDEFLCHIVTLNRTFH................LRELLPFDFRPSDLPSIIFPDTSKFIIKSKKGDEID. 

62   103 ESAGRWIGYSVHGEQCTTNNALIHGEKKIDLLVISYTPCGHCRQYLNQFANRDEFLCHIVTLNRTFH................LRELLPFDFRPSDLPSITFPDTSKFVIKSKVGDDVD. 

         ♦E91       ♦♦♦HAE 102-104          ♦♦♦♦♦ ♦ YTPCG 126-130; C132                             ♦F165



                                              ▼   ▼   ▼    ▼▼▼   ▼▼▼            ▼   ▼▼▼▼ ▼▼   ▼   ▼       ▼                ▼▼▼    

Rco  182 DISNNSKKVPNGISIS...V..............FDDLKLEALEAANSSHAPYSKCPSGVALMDCEGKVYKGSYMESAAYNPSLGPVQAAIVAYLVGGG.....GGYEKIVAAVLVEKEE 

Csa  178 TAE..NNKLCNGNHGE...N..............LEKLKRAALDAANMSHAPYSKCPSGVALMDDNGRIYNGPYMESAAYNPSMGPVQAAIVAYIAGGG.....AGYERIVAAVLVEKDG 

Ppe  177 TEILTND.......FK...L..............NAELKVAALEAANKSYAPYSGCPSGVAILDCDGNVYKGSYMESAAYNPSMGPVQSALVAYIVGGG.....AGYEKIVGAVLVEKDG 

Fve  179 PETFG..............................DDLLIHALEAANRSHAPYSQCPSGVAIMDSEGKIYRGWYMESAAYNPSMGPVRAALVDYIVSGG.....GGYEQIVAAVLVEKED 

Ath  178 ...DLDSICNGNTD.....S..............SADLKQTALAAANRSYAPYSLCPSGVSLVDCDGKVYRGWYMESAAYNPSMGPVQAALVDYVANGG...G.GGYERIVGAVLVEKED 

Cpa  174 KENCCSELCNGDT......F..............AEELKRAALDAANRSHAPYSRCPSGVALIDCEGKVYKGSYLESAAYNPSFGPVQAAIVDYVANGF...G.GGYERIVGAVLVEKED 

Tca  182 .....SDLCNGKIN.....G..............EDDLKYAALDAANASHAPYSRCPSGVALVDVEGKIYKGSYMESAAYNPSLPPAQAAIVAYVASGG...G.GGYERIVGAVLVEKAD 

Csi  172 NGQIPETE.......N...P..............KERLKYAALEAANKSHAPYSKCPSGVAIMDCEGNIYKGSYMESAAYNPSLGPVQAALVAYLAAGGSGGGGGGYERIVAAALVEKED 

Ccl  205 NGQIPETE.......N...P..............KERLKYAALEAANKSHAPYSKCPSGVAIMDCEGNIYKGSYMESAAYNPSLGPVQAALVAYLAAGGSGGGGGGYERIVAAALVEKED 

Egr  176 NPGHGTAACNGFCDGPEADD...........D...DELAAAALEAANASHAPYSKCPSGVAIVDRDGKVYKGSYEESAAYNPSLGPVQAALVAYVAGGR....GGGYEGIARAVLVEKEG 

Vvi  170 IGSQLVNTGCNGVCAC...D..............QDSLKYEALEAANKSHAPYSGCPSGVALIDSEGRVYRGSYMESAAYNPSLGPVQAALVAYIAGGG.....DGYEEIVGAVLVEKEE 

Stu  175 IN.HDGDLCNGFSDDDLKSG.NLSNGFYKLTETESTLLRIAALEGANDSHAPYSGCPSGVAIMDYEGKIYRGSYVESAAYNPSLGPVQAALVAFVAEG.....GGGYERIVAAALVEKEG 

Sly  175 IN.HVGDLCNGFSDDDLKSGKNLSNGFYKLTETESTLLRIAALGGANNSHAPYSECPSGVAIMDCDGKIYKGSYVESAAYNPSLGPMQAALVAFVAEG.....GGGYERIVAAALVEKEG 

Mgu  184 NT.VNSVNLSNGNDENFSKLANGNCGKYEKSE...DLLRESALEAANNAHAPYSGCPSGVALMDSEGNVYKGSYTESAAYNPSLGPVQAALIAYVASG.....GGGYESIVAAALVEKEG 

Aco  177 NNVGSDDIDTTLSNGNGDCC..............EGKLKYSALEAANESHAPYSGCPSGVALMDSDGKVYKGSYMESAAYNPSFGPIQAALVAYIVRGG.....GSYEKIVAGALVEKEE 

Sbi  192 .....AAAANGFAPG.................DLDARLRDAAEAAARAAHAPYSQCPSGFAVADGDGRIYAGGCLESAAYNPTLGPVQAAIIAMVAAGG.....GPAGDVVAAALVEKEQ 

Zma  196 .....NGLA...RS..................DLDARLRQAAEAAARAAHAPYSKCPSGFAVADGDGRIYAGGCLESAAYNPTLGPVQAAIIAMVAAGG.....CSAGDVVAAALVEKEQ 

Sit  191 .....AVAN.GFAAG.................DLEARLREAAEAAARAAHAPYSECPSGFAVADGDGRIYAGGCLESAAYNPTLGPVQAAIIAMVAAGG.....GPAGDVVAAALVEKER 

Osa  188 .....AAVANGFAHG.................DLEARLREAAEAAARAAHAPYSECPSGFAVADGEGKVYAGGCLESAAYNPTLGPVQAAIIGMVAAGG.....GAAGDVVAAALVEKEA 

Bdi  187 .....AVVANGFAAG.................GLEARLREAAEAAARAAHAPYSGCPSGFAVADGEGRVHAGGCLESAAYNPTLGPVQTAIIAMVAAGG.....GPAGDVVAAALVEKDG 

Csu  154 ...................................AEAAEAAVKAAMESYAPYTRCPAGLALVTNSGRIYGGGVIESCAYNPTLNPLQSAYIAFAAAG.....EASFFQVCAAVLVELPE 

1    188 ..................................DDPLLIEALDHAGLSYAPYSQCHAAVVLETEDGASFCGRYAENAAFNPSMLPMQMALSALVRHNR......SFSDIKRAVLLESSQ 

2    188 TD.................................DNLVQAALDAANRSHAPYSQSHAGIALQDKQGKIYTGRYAENAAFNPSLPPLQAALIFMNMSGG......NCQSIKRAVLVEGEN 

3    188 TC.................................DELVLAALDAANQSHAPYSQSHAGIALLDEQDQVYTGRYAENAAFNPSLPPLQAALILMNMSGG......NCQSIKRAILVEGKN 

4    188 ST.................................DKLVLTALDAANQSHAPYSHSYSGTALLGKDGKIYPGRYAENAAFNPSLPPLQAALILMNISGG......DCLTIERAVLVEGKH 

5    188 ET.................................DPLTQAALNAANHSHAPYSQSHSGVALETTNGKIYAGRYAENAAFNPSLPPLQAALILANITGE......NCASIRRAVLVEGHN 

6    188 ET.................................DVLTQAALDGANHSHAPYSNSHSGVALEAADSTIYTGRYAENAAFNPSLPPLQAALIMANMSDK......NCNSIRRAVLVEGNK 

7    188 LT.................................DELEKAALAAANQSHAPYSNAHSGVALEAEDGTVYTGRYAENAAFNPSLPPLQAALILMNVSGD......DCQKVKRAVLAEPES 

8    190 AG.................................DPLLQAALDAANASHAPYSQAYSGVAVETDR.AVYAGRYAENAAFNPSLPPLQAALILLNMSGD......SVDAIRRAALVESRQ 

9    190 AS.................................DPLQQAALDAANASHAPYSQAYSGVAVETPR.AVYAGRYAENAAFNPSLPPLQAALILPNMSGD......NVNAIRRAALVESRQ 

10   189 ..................................DEELIQQALRAMNISHSPYTQNFSGVALKMRSGAIYLGAYAENAAFNPSLPPLQVALAQAMMMGE......SFEDIEAAALVESAT 

11   189 ..................................EDTLIQSAVEAMNMSHSPYTNNLSGLALEMASGRVFQGAYAENAAFNPSLPPLQVALIQVLLAGE......TFDNIKAAALVENSE 

12   189 ..................................KDALIQQAVEAMNMSHAPYTNNLSGLALELANGRVFKGAYAENAAFNPSLPPLQVALIQVLLAGE......TFDSIKAAALVENSE 

13   189 ..................................DDALIQKAVNAMNISHAPYTNNLSGIALEMNSGLVFQGAYAENAAFNPSLPPLQVALIQILMAGE......KFEDIKAAALVENSQ 

14   189 ..................................TTPIVVEALAALNRSHAPYTKNLSGVSLQLTSGEVFTGAYAENAAFNPSLPPLQVALIQLKLAGF......DFEQIENAALVEIAE 

15   196 ..................................TSPLLMQAFDAANRSHAPYSKNFSGVALEMNNGNIYHGMYAENAAFNPSLPPLQVALIHANMSRE......ALSEIKKAALVEDHK 

16   191 ..................................DSPLLRKALEAANRSHAPYSHNLSGIALEMESGEVYYGMYAENAAFNPSLPPLQVALVHANMSRE......DILTVKSAALVEDHK 

17   188 ..................................EDPIWRAALAAARQSYAPYSQGYAAVALLFADGRLFCGRYAENAAFNPSLPPMQMACAHAVLCGE......DLASIRRAVLLESKN 

18   188 ..................................DDPLWQAALAAARQSYAPYSQGYAAVALQFADGRIFCGRYAENAAFNPSLPPMQMACAHAVLGGE......DLATIRRAVLLESKD 

19   188 ..................................DDPMIIEAIDQMGLSYAPYTNNNAAVVLETNDGATFCGRYAESAAFNPSMQPMQMALSNLIRNNR......QYSEIKRAVLVESSV 

20   188 ..................................NDPMIIEALDHAGLSYAPYTKNYASVVLETKDGATYCGRYAENAAFNPSMQPMQMALSTMARHNR......DFSEINRAVLIESSK 

21   188 ..................................NDPMIIEGLDHAGLSYAPYTKAYASVVLETKDGATYCGRYAENAAFNPSMQPMQMALSTMARHNR......DFSEINRAVLIESSK 

22   188 ..................................SDPMIIEAVDHAGLSYAPYTKNYAAVVLETKDGVTYSGRYAENAAFNPSMLPMQMALSNMARHNR......DFSEINRAVLIESSK 

23   188 ..................................SDPMIIEALDHASLSYAPYTNSYAAVVLETQDGATYCGRYAENAAFNPSMLPMQMALSTMARHNR......EFCEISRAVLIESAG 

24   188 ..................................SDPMIIEALDHASLSYAPYSNSYAAVVLETKDGATYCGRYAENAAFNPSMLPMQMALSTMTRHNR......EFTEINRAVLIESAQ 

25   188 ..................................SDPMIIEALDHASLSYAPYTSSFAAVVLETDDGATFCGRYAENAAFNPSMLPMQMALSTMTRHNR......LFSEITRAVLIESAQ 

26   188 ..................................SDPMIIEGLDHAGLSYAPYTQSFAAVVLETHDGATYCGRYAENAAFNPSMLPMQMALSNLTRHNR......EFSDIRRAVLIESSQ 

27   188 ..................................ADPMIIEGLDHAGLSYAPYTQSFAAVVLETRDGATYCGRYAENAAFNPSMLPMQMALSNLVRHNR......EFSDISRAVLIESSQ 

28   188 ..................................ADPMIIEALDHLSLSYAPYSESYAAVVLETRDGATFCGRYAENAAFNPSMLPMQMALSAMARHNR......DFSEINRAVLIESSQ 

29   188 ..................................DDALVNAALAAARLSYAPYSHSPSAVALQCQDGQVFVGRYAENAAFNPSLPPMQMALADMARHRV......GFDRIQRAVLVELDD 

30   189 ..................................MNALARQALDAANRSHAPYSKAISGIVLETSSGNTYTGRYAENAAFNPSLPPLQTALNLMNLAGE......DLSTVKHAVVVERRN 

31   189 ..................................VNALARQALDAANRSHAPYSKAISGIALETASGNLYAGRYAENAAFNPSLPPLQAALNLMNLAGE......DPRTITHAAVVERRN 

32   189 ..................................DDALHQLALAAANRSHAPYSNAFSGIALETRRGRCYAGRYAENAAFNPSLPPLQAALNLVNLAGE......AFSDIQRAVLVESGH 

33   189 ..................................DDTLCQLALAAANRSHAPYSKAFSGIALETRQGHRYTGRYAENAAFNPSLPPLQAALNLVNLAGE......AFSDIQHAVLVESSH 

34   189 ..................................DDTLCRLALAAANHSHAPYSKAFSGIALETRQGRRYTGRYAENAAFNPSLPPLQAALNLVNLAGD......AFSDIQRAVLVESGH 

35   189 ..................................SDALTAAALDAANRSHAPYSQAFSGVALQGERG.IYTGRYAENAAFNPSLPPLQSALNLMNLSGE......SHDAIQRAVLVEPRR 

36   189 ...................................DELTQSAIAAANKSHAPYSQSPSGVALECRDGRIFSGSYAENAAFNPTLPPLQGALNLLSLNGY......DYPDIQRAILAEKAD 

37   189 ...................................DDLTQAAIRAANKSHTPYSKSPSGVALQCRDGRIFSGSYAENAAFNPTLPPLQGALNLLSLNGY......DYPDIQRAILAEIAD 

38   189 ...................................DALTQAAIGAANKSHMPYSKSPSGVALECRDGTIFTGSYAENAAFNPTLPPLQGALNLLSLNGY......DYSDIQRAVLAERAD 

39   189 ...................................DALSQAAIAAANRSHMPYSKSPSGVALECKDGRIFSGSYAENAAFNPTLPPLQGALILLNLKGY......DYPDIQRAVLAEKAD 

40   189 ...................................DALSQAAIAAANRSHMPYSKSPSGVALECKDGRIFSGSYAENAAFNPTLPPLQGALILLNLKGY......DYPDIQRAVLAEKAD 

41   189 ...................................DALAQAAIAAANRSHMPYSQSPSGVALECKDGKIFSGSYAENAAFNPTLPPLQGALNLLNLNGY......AFADIQRAVLAEKAD 

42   189 ...................................DALTQAAIAAANKCHMPYSYSPSGVALECKDGRIFTGSYAENAAFNPTLPPLQGALNLLNLNGY......DYPDIQRAILAEKAD 

43   189 ...................................DALTQAAIQAANRCHAPYSHSPSGVALELKDGTIFSGSYAENAAFNPTLPPLQGALNLLSLNGY......DYPAIQRAILAEKAD 

44   189 ...................................DALTQAAIAAANRSHAPYSQSPSGLAIETRDGEIFTGSYAENAAFNPSLPPLQAALNLMSLNGY......AWADIKRVALAERDD 

45   189 ...................................DALAQAAIAAANRSHAPYSQSPSGLAIETRDSAVFTGSYAENAAFNPSLPPLQAALNLLSLNGY......AWADIKRVALAELNE 

46   189 ...................................DALTQAALQAANRSHAPYTQAWSGVALQSADGAIFAGSYAENAAFNPSLPPLQAALNLLSLAGH......DVLTIQRAVLAEAPD 

47   189 ...................................DVLQQAALAAANRSHAPYTGSWSGVALQTASDAIFAGRYAENAAFNPSLPPLQGALNLLNLAGE......NLSDIRRAVLAEAPD 

48   189 ...................................DALQQAALSAANRSHAPYTGAWSGVALQTRAGAIFAGRYAENAAFNPSLPPLQGALNLLNLAGE......DLHDIRRAVLAEAPG 

49   189 ...................................DKLEQAALAAANQSHAPYSGACSGVALQTRSGAIYAGRYAENAAFNPSLPPLQGALNLLNLGGE......ELSDIRRAVLAEASG 

50   189 ...................................DELVQAAVAAANASHAPYSQSHAGVALLTTDDKIVAGRYAENAAFNPSFPPLQAALVLLNMQGG......DVRQIKKAVLAEVEN 

51   194 ...................................DALSQAAVKAANRSHAPYSRAFSGVALQTASGRIFSGRYAENAAFNPSLPPLQAALILLNMAGE......SCHDIQAAALAQTPQ 

52   189 ..................................TSQLAQQALQAINRSHAPYSHSHSGIAVQMKSGKIFQGSYAENAAFNPSMPPLQAALIALNMAGE......NVMDIESAILIEKAD 

53   194 ..................................DNPLVLQALAMANQAHAPYSNSFHGIAIQTRNQQIYHGSYAENAAFNPSLPAMQVALNHLILSGE......EVENIVRVVMVEKS. 

54   194 ..................................EDPVTAQALNMANQAHAPYSKTFHGVAIQTQDKQIYHGSYAENAAFNPSLPALQVALNHLILSGE......EVQNIARVVMVEKS. 

55   198 ..................................EDPLIQAALDAANQSHAPYSKTYSGIALQLQDQQIFQGSYAENAAFNPSLPPLQTALNYLLLNGN......EVENIARAVLVEQP. 

56   194 ..................................GDALQQAAISAANLAYAPYSKAVSGVALQCG.EQIITGRYAENAAFNPSFLPLQSALNFRRMQGL......EGVVISRVILAEKY. 

57   193 ..................................ADPLVQAAADAAEQAYAPYSRALSGVALQVG.TQSITGRYAENAAFNPSFLPLQCALNYRRLSGL......SDVPVSRIVMAESQ. 

58   194 ..................................GDLLTQAAIQTAAQSYAPYSKSLSGIALQVG.EQIICGRYAENAAFNPSFLPLQSALNYRRLSGK......SDERISRIVMAESK. 

59   182 .................................IESDLAQRALNAAERSYTPYTQAHSGFVIECTDGKFYAGRTAESVAFNPSVLSAICALNSRNLSAS......RDYTINACMQTRLVT 

60   220 ....................................PARDLLIHAGNRAHVPYSHCPSALVLELGDGTQVWGTSIESCAYNPTIMPAQAALIMLLDHGH......SYGDIARAWFARPKG 

61   206 ...................................IKFINQVIDCAKHSHVDNLMCYLGVGLIIG.KEIYLGNYIESCAHNPSFHPMNGAISQLILNGK......DVSEVDSIILVQYEK 

62   206 ...................................MKFINQVIDCAKDSHVDNLMCYLGVGLVIG.KEIYLGNYIESCAHNPSFHPMNGAISQLTLNGK......DVSDVDSIILVQYEN 

                                                                                      ♦♦♦ AAF 231-233



             ▼    ▼  ▼    ▼                      

Rco  280 AVVRQEFTARLLLQVISPRCEFKVFHCSSSKS...... 

Csa  274 VEVKQERAARLLLETISPECEFTVVHCIAAV....... 

Ppe  268 VLVKQEHTARLLLQAISPKLEFRVFHCASGSNACKKS. 

Fve  264 ALVKQEQTARLLLQTISPKLEFRVLHCK.......... 

Ath  272 AVVRQEHTARLLLETISPKCEFKVFHCYEA........ 

Cpa  270 SVVRQEHTARLILQLISPKCTFKVFHCC.......... 

Tca  274 AVIKQEHTARLLLQCISPKCEFKVFHCKKTC....... 

Csi  268 AVVRQEHAARLLLQVISPKCEFNVFHCGCKKSCSRF.. 

Ccl  301 AVVRQEHAARLLLQVISPKCEFNVFHCGCKKSCSRF.. 

Egr  278 AVVRQEHTARILLGLVSPKCELRVVHCGSG........ 

Vvi  268 AQVKQEQTARLLLNLISPKCEFRVFYCSSASKKP.... 

Stu  288 AKVRQEDTARIFLKLVSPKCDLKVFHCCVAEN.GCKKD 

Sly  289 AKVRQEDTARIFLKLVSPKCDLKVFHCCVAAENGCKKD 

Mgu  295 AKVRQEDTARLVLKAVSPKCDFRVFYCHSG........ 

Aco  278 AMVRQEGTARLLLKSFSPQCDLSVFHCKSCRKRPC... 

Sbi  285 AAVAQEATARIFLDAMAPHASFHVYKYRPSDA...... 

Zma  285 ASVAQEATARIFLDAVAPHASFHVYNYRPSDA...... 

Sit  283 AAVAQEATARIFLDAVSPHASLHVYNYRPSDA...... 

Osa  281 GLVSQEATARIFLAAVAPQATFHVYNYTPSDA...... 

Bdi  280 AVVAQEAMARIFLAAVAPQASLHVYKYRSSDV...... 

Csu  234 AAVSHEVSTRIALQCIAPGAEMVTLPLKLLPQQP.... 

1    268 GKISLVGATMDALHAVAVVELEHLVVDPV......... 

2    269 SRLSQWSATTSTLTALGCNAIERHTF............ 

3    269 SHLSQSSATESTLTALGCTKIECHRF............ 

4    269 SKVSQRNSTQSTLATLGCSKFEYYTF............ 

5    269 AVTSQWDTTLATLNALGCSAVKRVTF............ 

6    269 PVLTQWNATQATLAALGCSDVKRVTF............ 

7    269 AILTQWDATRATLAALGCQNVSRITF............ 

8    270 APLSQYAATRATLQALGCDDLQHHPL............ 

9    270 APLSQYAATRATLQALGCNDLQHHPL............ 

10   269 GKISHLADTQATLEVINPDIPLSYLSL........... 

11   269 GKISHLADTQSTLEALNPDIPLSFVNV........... 

12   269 GKISHLADTQSTLEALNPDIPVSFVNV........... 

13   269 GKISHLADTQSTLEALNPDIPVSFVNV........... 

14   269 GSISHLADTQSTLEAINPDIPVTYLAI........... 

15   276 GAISHLAITTCTLKDLSPNMILEYVSL........... 

16   271 GAISHLAITQSTLEALNPDVTLEYASL........... 

17   268 GQISQRDSAQSTLKALGSVELEYQAV............ 

18   268 GQISQQDSARATLKALGSVELEYQAV............ 

19   268 GKITLVGAAMDALHAIAPIELQHMVVEPLLG....... 

20   268 GVISLVGAAMDALHSVAVVELEHIVVEPE......... 

21   268 GVISLVGAAMDALHSVAAVELEHIVVEPE......... 

22   268 GSVSLVGATMDALHAVAAVELEHIVVESE......... 

23   268 GKISLVGATMDALHAVAAVELEHIVLDPE......... 

24   268 GKISLVGATMDALHAVAAVELEHIVIDPA......... 

25   268 GKISLVGATMDALHAVAGVELEHIVLDPE......... 

26   268 GKISLVGATMDALHTIAAVELEHIVVDPV......... 

27   268 GKISLVGATMDALHTVAAIELEHIVIDPV......... 

28   268 GKISLVGATMDALHAVAAVELEHIMVDPV......... 

29   268 AQISQATAARAALAAISDVELAICHAK........... 

30   269 AVVSHWAISQIMLAELGCTDVEHHFIEE.......... 

31   269 ATVSHWTISQIMLAELGCTDVEYHFIEE.......... 

32   269 VALSHWSLAQPLLASFGCTDVRRELAY........... 

33   269 ATLSQWSLAQPLLASLGCTSLHRALAD........... 

34   269 VALSQWSLAQPLLASFGGTALQRTLAY........... 

35   268 AAISQWSATQSLLAMLGCQDTRHVLAE........... 

36   268 APLIQWDATAATLKALGCSNIDRTLLA........... 

37   268 APLIQWDATAATLKALGCTSIERVLLA........... 

38   268 APLIQWDATAATLKALGCHNINRTLLS........... 

39   268 APLIQWDATSATLKALGCHSIDRVLLA........... 

40   268 APLIQWDATSATLKALGCHNIDRVL.A........... 

41   268 AALIQWDATAATLKALGCNTIGRLLLA........... 

42   268 APLIQWDATAATLKALGCNNIDRVLLG........... 

43   268 AALIQWDATVATLKALGCHNIERVLLG........... 

44   268 ATIVQRDATAATLKALGFTNLELVTLA........... 

45   268 ATIVQRDATAATLNALGFTGLERVTLA........... 

46   268 ARVIQRQATQATLHALGCANLTTVPLD........... 

47   268 AKLSQQSASAATLTALGCHSFTTIPLVKVE........ 

48   268 AKLSQQNASAALLAALGCQDFVTIPLG........... 

49   268 AKLSQRSASAATLAALGCHDLITIPLVKM......... 

50   268 ATLSQFAATQATLETFGCGELLQVTLNKA......... 

51   273 PALDQFSATQATLHALGCDNLTHLTLAKA......... 

52   269 SLLTQWDATQATLTALGCRQIQRVTL............ 

53   273 NTLHYKAMAEELLSTLSDVKLDYFAV............ 

54   273 ASLSYKAMAEELLGTLANVKLEYIAI............ 

55   277 FRLSYRGMTEELLAYLGDIPLDYIQVS........... 

56   272 AVLSHRAMTESLVKNLLNLPLEYVKL............ 

57   271 GGLSHRSITEQLAHSYLGLEIEYFAL............ 

58   272 GTTSHRQMSEALAESFLGLNLEYIEV............ 

59   263 SVNSQCELAKMLMQNVTTAKIQKVLIEPAE........ 

60   298 AVVDLARASADLLAAVAPDASLTILEWN.......... 

61   284 APFKMEESAIGIIKGYGYTNSKLTIITIG......... 

62   284 SPFKMEESAIGIIKGYGYTNSKITTITIG......... 

 
 

Supplemental Figure S1. Multiple alignment of CDA sequences from plants, algae and bacteria. 

To determine conserved amino acids in CDAs across kingdoms, a collection of genuine CDA sequences 

was obtained and aligned. Using the CDA from A. thaliana as query (locus At2g19570) in BLAST searches 

of Phytozome v9.1 (http://www.phytozome.net), CDAs from those plants were recovered which contained 

only a single copy CDA gene in their genome (in total 21 sequences, one from the algae Coccomyxa 

subellipsoidea, Csu). Assuming that CDA is an indispensable component of plant primary metabolism in 

every plant, this ensured that a functional CDA copy was chosen in each case. Additionally, the Concise 



Protein Database at NCBI (http://www.ncbi.nlm.nih.gov/genomes/prokhits.cgi) was searched using CDA 

from A. thaliana as query excluding “Viridiplantae”. Bacterial CDA sequences from completed genomes 

were obtained in this search (62 in total). Those sequences were selected which matched the query over the 

entire length representing CDAs of the dimeric type (Escherichia coli-type) whereas CDAs of the 

tetrameric type (Bacillus subtilis-type) were not selected (Faivre-Nitschke et al., 1999). A multiple 

alignment was generated with ClustalW and shaded with Boxshade. Amino acids absolutely conserved are 

marked with red background. Amino acids which are only conserved in the 20 single-copy plant CDAs 

were labeled with a green arrowhead above the alignment. Diamonds under the alignment mark residues of 

functional importance in the CDA of E. coli as revealed by crystal structure analysis (Betts et al., 1994; 

sequence numbering as in the original report). Involved in Zn binding: H102, C129, C132; involved in 

substrate binding via hydrogen bonds: N89, E91, A103 (backbone N), E104, Y126, T127 (backbone O); 

involved in substrate binding via hydrophobic interactions: F71, Y126, F165, F233; sterically important to 

generate the binding site for the transition state: P128, G130. The following sequences were used in this 

alignment: 

 

label organism Uniprot 
accession 

NCBI / EMBL 
accession 

Gene locus identifier in 
Phytozome v9.1 

Rco Ricinus communis B9RK96 XP_002514140 29912.m005381 
Csa Cucumis sativus  XP_004135706 Cucsa.397300 
Ppe Prunus persica M5W9R1 EMJ03530 ppa009163m 
Fve Fragaria vesca  XP_004287542 mrna11427.1-v1.0-hybrid 
Ath Arabidopsis thaliana O65896 NP_179547 At2g19570 
Cpa Carica papaya  none evm.TU.contig_31168 
Tca Theobroma cacao  EOY30482 Thecc1EG037679t1 
Csi Citrus sinensis  none orange1.1g022046m 
Ccl Citrus clementina  none Ciclev10008864m 
Egr Eucalyptus grandis  none Eucgr.C00902 
Vvi Vitis vinifera  XP_002282373 1 

Stu Solanum tuberosum M1ACX7 none PGSC0003DMP400013676 
Sly Solanum lycopersicum K4CD31 XP_004242947 Solyc07g021750 
Mgu Mimulus guttatus  none mgv1a026892m 
Aco Aquilegia coerulea  none Aquca_001_00077 
Sbi Sorghum bicolor  XP_002458392 Sb03g032720 
Zma Zea mays  DAA57895 GRMZM2G380088_T01 
Sit Setaria italica  XP_004969732 Si002312m 
Osa Oryza sativa  NP_001044051 Os01g51540 
Bdi Brachypodium distachyon  XP_003569672 Bradi2g48040 
Csu Coccomyxa subellipsoidea  EIE20643 37578 
1 Shewanella amazonensis SB2B  YP_927849  
2 Xenorhabdus nematophila ATCC 

19061 
 YP_003711754  

3 Xenorhabdus bovienii SS-2004  YP_003466872  
4 Photorhabdus asymbiotica  YP_003041726  
5 Yersinia pestis KIM10+  NP_669958  
6 Yersinia enterocolitica subsp. 

enterocolitica 8081 
 YP_001006982  

7 Serratia proteamaculans 568  YP_001477800  
8 Edwardsiella tarda EIB202  YP_003295218  
9 Edwardsiella ictaluri 93-146  YP_002932714  
10 Vibrio cholerae O1 biovar El Tor str. 

N16961 
 NP_230876  

11 Vibrio sp. Ex25  YP_003286324  
12 Vibrio parahaemolyticus RIMD 

2210633 
 NP_797677  

13 Vibrio campbellii ATCC BAA-1116  YP_001445308  
14 Vibrio splendidus LGP32  YP_002417326  
15 Aliivibrio salmonicida LFI1238  YP_002263107  



16 Vibrio fischeri MJ11  YP_002156297  
17 Aeromonas salmonicida subsp. 

salmonicida A449 
 YP_001142202  

18 Aeromonas hydrophila subsp. 
hydrophila ATCC 7966 

 YP_856425  

19 Shewanella frigidimarina NCIMB 400  YP_750326  
20 Shewanella halifaxensis HAW-EB4  YP_001674007  
21 Shewanella pealeana ATCC 700345  YP_001502343  
22 Shewanella piezotolerans WP3  YP_002312342  
23 Shewanella sediminis HAW-EB3  YP_001474353  
24 Shewanella woodyi ATCC 51908  YP_001760427  
25 Shewanella violacea DSS12  YP_003557287  
26 Shewanella putrefaciens CN-32  YP_001183092  
27 Shewanella baltica OS155  YP_001050074  
28 Shewanella loihica PV-4  YP_001093736  
29 Ferrimonas balearica DSM 9799  YP_003912679  
30 Pectobacterium carotovorum subsp. 

carotovorum PC1 
 YP_003017075  

31 Pectobacterium wasabiae WPP163  YP_003260323  
32 Dickeya dadantii 3937  YP_003882556  
33 Dickeya dadantii Ech586  YP_003334050  
34 Dickeya zeae Ech1591  YP_003004864  
35 Dickeya dadantii Ech703  YP_002988053  
36 Enterobacter sp. 638  YP_001177462  
37 Enterobacter cloacae subsp. cloacae 

ATCC 13047 
 YP_003613937  

38 Enterobacter lignolyticus SCF1  YP_003941104  
39 Shigella flexneri 2a str. 301  NP_708043  
40 Escherichia coli O157:H7 str. EDL933  NP_288726  
41 Citrobacter rodentium ICC168  YP_003365817  
42 Citrobacter koseri ATCC BAA-895  YP_001452236  
43 Klebsiella pneumoniae subsp. 

pneumoniae MGH 78578 
 YP_001336232  

44 Cronobacter sakazakii ATCC 
BAA-894 

 YP_001437196  

45 Cronobacter turicensis z3032  YP_003211179  
46 Erwinia billingiae Eb661  YP_003742355  
47 Erwinia pyrifoliae Ep1/96  YP_002648374  
48 Erwinia amylovora CFBP1430  YP_003531641  
49 Erwinia tasmaniensis Et1/99  YP_001907235  
50 Pantoea vagans C9-1  YP_003931651  
51 Pantoea ananatis LMG 20103  YP_003520831  
52 Proteus mirabilis HI4320  YP_002150412  
53 Aggregatibacter 

actinomycetemcomitans D11S-1 
 YP_003256350  

54 Aggregatibacter aphrophilus NJ8700  YP_003006930  
55 Haemophilus somnus 2336  YP_001784141  
56 Haemophilus parasuis SH0165  YP_002476019  
57 Actinobacillus succinogenes 130Z  YP_001343737  
58 Actinobacillus pleuropneumoniae 

serovar 5b str. L20 
 YP_001054032  

59 Coraliomargarita akajimensis DSM 
45221 

 YP_003548999  

60 Ketogulonicigenium vulgare Y25  YP_003963506  
61 Entamoeba dispar SAW760  XP_001737821  
62 Entamoeba histolytica HM-1:IMSS  XP_656341  

1 gene structure wrongly annotated in Phytozome v9.1 


